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abstract 


We have determined the structure and nature of "discontinuities" in 
the interplanetary magnetic field at 1 AU in the period March 18, 1971 
to April 9 , 1971 » by using high- resolution magnetic field measurements 
from Explorer 34. The discontinuities that were selected for this analysis 
occurred under a variety of interplanetary conditions at an average rate 
of 0.5/hr. This set dots not include all discontinuities that were 
present, but the sample is large and it is probably representative. Both 
tangential and rotational discontinuities were identified, the ratio of 
TD's to RD's being approximately 3 to 1. Tangential discontinuities were 
observed every day, even among Alfvfenic fluctuations. In particular, 
on one day during which Alfv&iic fluctuations were intense and persistent 
in a high-speed stream, tangential discontinuities were seen throughout 
the day at an average rate of 0 . 5 /hr; rotational discontinuities were 
also observed during this day, at a higher than usual rate, the ratio of 
TD's to RD's being approximately one. The structure of most of the 
boundary layers was simple and ordered, i.e., the magnetic field usually 
changed smoothly and monotonically from one side of the boundary layer 
to the other. The thickness distributions of the TD's and RD's with 
very smooth boundary layers were similar. The average thickness of the 
RD's was 1,200 km (13 croton Larmor radii), and the average thickness of 
the TD's was 1,300 k . 1 (12 proton Larmor radii). 


1. Introduction 


The nature md structure of interplanetary discontinuities have been the 
c abject of several investigations and much debate. Siscoe et al. (I 968 ) used 
a minimum variance method to examine the structure of boundary layers 
whose width ranged from 10 s to 100 sec, and they concluded that 80 $ 
seemed to be TD's; however, the method they used is not appropriate for 
studying KD's, and they could not rule out a substantial contribution 
of RD's. Burlaga (1971) showed that during an 8 -day period (when there 
were no pronounced high-speed streams), less than 25 $ of the directional 
discontinuities were RD's, and he concluded that those discontinuities 
were predominantly TD' 3 . The predominance of TD's in quiet, low- speed 
regions has been confirmed by Martin et al. (1973) and Solodyna et al . 

(1976). Belcher and Solodyna (1975) showed that the condition 

fiV = ± (V/B) 6 B (1) 

i 3 nearly satisfied across discontinuities that occur among Alfv^nic 
fluctuations in high-speed regions, and this led them to the opinion that 
such discontinuities are predominantly rotational. Martin et al. (1973) 
arrived at the same opinion in the same way. However, (1) is not a 
sufficient condition for an RD. Indeed, Denskat and Burlaga (1976) hav» 
shown, using plasma and magnetic field observations from two spacecraft, 
thut there do exist TD '3 across which (1) is satisfied. Thus, in order 
to identify the nature of the discontinuities in "Alfv 6 nic ,f , high-speed 
regions one must do more than test for (1). Smith (1973a) examined the 
structure of some ' discontinuities ' , and he found a distribution con- 
sistent with the presence of both TD's and RD's. However, he considered 
only a small fraction of the discontinuities that were present (118 


discontinuities In 39 days, or 3/day) ; he selected only exceptionally 
broad current sheets; and he did not consider plasma data. 

The Explorer 43 magnetic field measurements that we use in this 
paper clearly resolve the structure of even the thinnest boundary layers, 
and the measurement errors are small enough that we can determine the 
nature of most of the associated discontinuities using a minimum variance 
method. This is done in Section 3. Since we have plasma data for the 
period considered, we can also examine the relation between these dis- 
continuities and Alfv^nic fluctuations, and we do this in Section 4. 

i 

Finally, since the structure of the current sheets is resolved in the 
Explorer 43 data, we can determine the distribution of thickness for all 
events with a well-defined beginning and end; we present those results 
in Section 5. 

The plasma and magnetic field instruments are described briefly by 
Burlaga and Ogilvie (1973) and Fairfield (1974), respectively. 
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2 . Selection of Discontlnuitiea 


The discontinuities were selected subjectively by looking at plots 
of 1.28 sec averages of the magnetic field (B (t), 6 (t), $ (t)) on a 
scale of *» 1 hour/20 inches. Essentially, events were selected because 
they looked like abrupt changes in the time profile of the magnetic field 
direction, i.e., the direction changed from one nearly uniform state to 
another in less than ** 30 sec. The selection was made independently by 
four people (L. Burlaga, J. Chao, 1). Fairfield, and N. Ness), and there 
was general agreement as to which events were to be chosen. 

Examples of the kinds of discontinuities that were selected for this 
study are shown in Figures 1 and 2. Figure 1 3hows a discontinuity at 
which the change in direction, u>, 13 relatively large (tu = 75°) and which 
stands alone in a 10 min. interval; this event satisfies the definition 
of a directional discontinuity introduced by Burlaga (1969). Figure 2 shows 
several discontinuities at which the change in direction i3 small and which 
are clustered in a 5 min. interval; events such as these do not satisfy 
the definition of directional discontinuities, but we included the initially, 
because they can be readily identified in the high- resolution ExpJ re r 1+3 
data. 

Our selection procedure gave 287 discontinuities for this study, from 
430 hours during which plasma measurements were made in the period March 18, 
1971 to April 9, 1971. Thus, the rate of occurrence is 0.7/hr. Thi3 may 
be compared with the occurrence rate for directional discontinuities that 
was found in other studies (see Siscoe, 1976; Burlaga 1972), viz. » l/hr. 

Our selection procedure did not identify all of the directional discontinuities 
that were present. Conversely, 31$ of the events that we selected were not 

3 



directional discontinuity ' l, e sense that the angle, uu, between the 
field B. on cne side of the ntinuity and the field B 0 on the other 

side was les3 than 30° (ui < 30°). In other word3, although we did not 
select all discontinuities, we do Fia''e a large and representative sample 
of discontinuities. 

The distribution of u> for the discontinuities that were sel* ted 

is shown in Figure 3. One can see that there were 95 events witn u> < 30°. 

o 2 

The number of events with u> > 30 falls off exponentially with u> , as shown 
by the dashed curve in Figure 3. This is the same curve that Burlaga (1969) 

obtained for directional discontinuities in the Pioneer 6 data, viz. 

o 2 

N = constant X exp (-u>/75 It describes the Explore 43 results rather 
well, as it should if the discontinuities are representative of directional 
discontinuities . 

The number of discontinuities per day is shown as a function of time 
in Figure 4. The rate of occurrence varies from 5/day to 45/day. These 
are minimum rates of occurrence, since we did not select all discontinuities. 

The important point demonstrated by Figure 4 is that we were observing dis- 
continuities under a variety of interplanetary conditions : there were two 

kinds of 3hock flows (Ogilvie and Burlaga, 1974), at least three fast 
streams with well-defined interfaces (Burlaga, 1974), and 'Alfv^nic fluctuations 
(Burlaga and Turner, 1976). The quantity p in ’"igure 4 is the correlation 
coefficient between the fluctuations in the speed and the radial component 
of the magnetic field. A value of p > 0.6 is taken as an indication of 
the presence of 'Alfv6nic fluctuations, as discussed by Burlaga and 
Turner (1976). It is interesting to note that the discontinuities were 

most numerous (45) ou the day (April 6) that 'Alfv^nJ i fluctuations were 
most prominent. 
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3. Nature of the Discontinuities 

The "discontinuities" that we have been dJscussing are not truly / 

discontinuous, of course; they only appear to be so at low time resolution, 
or when the field is averaged over 30s or so. In general, there is a 
current sheet (boundary layer) in which the magnetic field direction 
changes continuously from one side of the 'discontinuity' to the other, 
a3 illustrated in Figure 5. If the "discontinuity" is tangential, all of 
the magnetic fi .Id vectors in the current sheet are parallel to the 
surface of the discontinuity, as drawn in Figure 5* If the "discontinuity" 
i 3 rotational, then one component changes as in Figure 5, and there is 
another component which is constant and normal to the plane of the dis- 
continuity. Thus, in principal, one can distinguish between a TD and an 
RD by analyzing the structure of the current 3heet. 

Sonnerup and Cahill ( 1967 ) introduced a technique for analyzing the 

structure of a current sheet; this is illustrated in Figure 6. Basically, 

the procedure is as follows: 1) determine the average of the magnetic 

field vectors in the current sheet, < B^ > , 2) for each vector B^ in the 

current sheet, compute the difference ABj ■ B^ - < B^ >, 3) find the plane 

which best fits the set of vectors ABj (the minimum variance plane), and 

4) determine the average component of B. normal to that plane. For a TD, 

the AB^ are all parallel tc the surface of the discontinuity, since the 

B. themselves are parallel to that surface. Thus, there is no component 

of B normal to the minimum variance surface of AB^ for a TD, 83 illustrated 

on the right 3ide of Figure 6. For an RD, the vectors B^ rotate on the 

surface of a cone, as shown on the left of Figure 6, and the surface of 

the discontinuity is the base of the cone. In this case, there is a 
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non- zero component of Bj normal to the base of the cone (B^j) and the 

other component of B. rotates pr *allel to this surface. For a RD, one 

eliminates B . by taking the difference AB. ■ B. - <• B. >, and the 

minimum variance surface of AB. is the surface of the discontinuity. 

For a RD, one should find that B ■ < |B . I > ■ 7; E |B. . n| , is non-zero, 

n nt wi ' 

(where N is the number of vectors in the current sheet and n is the 

normal to the minimum variance plane of the ABj). 

In principal, the Sonnerup- Cahill technique determines the surface 

of the discontinuity and one can distinguish betweon a RD and a TD by 

determining whether or not there is an average component of B normal to 

that surface. In practice, the technique can give misleading results if 

not used Judiciously, since it can be very sensitive to experimental 

errors. The problem arises because the minimum variance plane and its 

normal can be determined only if the experimental errors in AB. are 3mall 

enough that the AB^ lie close to the plane. 

The digitization error in the Explorer 43 magnetic field measurements 

is » ±0.067, and the RMS sensor noise in each component is 0.037 - 0.057. 

Thus, the uncertainty in determining each component of the field i3 

** 0.077. Now consider the size of the quantities to be measured, viz. 

AB.. (See the base of the cone in Figure 6.) Suppose, for the purpose 

of illustration, that B^ = 2 7, B^ = B^ *57, and u) = 30°. The length of 

the chord AB in Figure 6 i3 then 1.37. The component of AB. in the 

direction along the arc of the circle (t) is on the order of 0.657, which 

is small but well above the experimental errors. On the other hand, the 

component of AB. along the radius of the circle in Figure 6 (AB ) i3 less 
—l p 

tlian » 0.l8, which is comparable to the experimental errors. Since the 
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magnitude of AB^ is comparable to the experimental errors in the p and 
n directions, the vectors AB. will scatter appreciable about the (p, £) 
plane. Thus, the plane and its normal cannot accurately be determined 
in this case, and one might obtain a large B^ for a TD simply because 
the normal is wrong. 

A more thorough error analysis by Behannon and Lepping (1976) 

(based on simulations of current sheets) showed that when u> i» 60°, the 

uncertainties in B^ are < 0.57. For <s close to but greater than 30°, 

the uncertainties in B are < 27. For u> < 30°, the error in B can be 

n n 

very large and the Sonnerup- Cahill method cannot be used. Similar con- 
clusions are obtained using the error analysis of Sonnerup (D971). 

We selected the Explorer 43 discontinuities with u> > 30° (there 
were 1 ( J2 of them), and *.e applied Sonnerup's technique to each of the 
current sheets. Typically, there were 100 values of AB. in each current 
sheet. In mo 3 t cases, the surface of the discontinuity was satisfactorily 
determined. This is show by Figure 7, which gives the distribution of 
X^/X.^, the ratio of the intermediate to minimum eigenvalue. The most 
probable value of X 2 /X^ is “• 3 » and the average is higher, 6 . 5 , because 
the distribution is highly skewed. 

The distribution of the average normal component, B ■ < |B | >, is 

n z 

■hown in Figure 8. There i 3 a strong peak at B n = 0, consistent with a 

population of TD’ 3 . The dashed curve, 54.1 exp (- < |B | >/l.25) , is a 

z 

gaussian fit to the population near < |B I > = 0. This gives a o = 0.97 
for the variance, which is on the order of the errors derived from simu- 
lations of TD's by Behannon and Lepping (I 976 ). We conclude that the 

events with B < 27 (or 1.57, depending on the confidence level that one 
n 
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chooses) are consistent with being tangential discontinuities. Most of 
the events with > 37 are probably RD's, since 37 is far outside the 
experimental errors in most cases. Indeed, there is a peak in the dis- 
tribution of B between 3*57 and 4/, which might be a characteristic of 
n 

s population of RD's. The number of events with B^ > 37 is 43, and the 
number of events with B ri < 2 y is 122. If our sample of discontinuities 
(which probably contains one-half to one-third of all discontinuities with 
u> :» 30°) is representative, then the ratio of TD's to RD's defined in thl* 
way is 2,8. In other words, those results suggest that the ratio of TD's 
to RD's was typically 2.8 to 1 ?r the interval that we are considering. 

The distribution of the normals of TD's has been discussed in several 
papers (see the reviews by Burlaga (1972) and Siscoe (1974), and the 
papers by Siscoe et al. (1968), Burlaga (1969), Smith (1973*) > Turner 
(1973) > and Turner and Siscoe (1971)). The general result is that the 
normals of TD's tend to be perpendicular to the spiral average magnetic 
field direction and close to but somewhat out of the ecliptic plane, while 
the normals of RD's are more randomly scattered. Figure 9 gives ♦••he dis- 
tribution of normals for TD's and RD'3 in our data set. For this purpose, 

we identify those discontinuities with B < 27 as TD's and those with 

n 

B^ > 37 as RD's. One sees that the di3tributiofts show the same general 
patterns that were suggested by the earlier work. 
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4. Discontinuities In the presence of 'AltV^nlc Fluctuations ' 

It has been suggested that dlacontlnui ties are predominately 
rotational when there la a high correlation bei een 5 V and &B, particularly 
when the speed is high and decreasing in a stream. We now consider whether 
or not this Is in fact the case. 

Let p be the correlation coefficient between the radial component of 
b and V during an hour Interval, a 3 discussed by Burlaga and Turner (1)76). 

Considering ;he experimental uncertainties, p > 0.6 is also consistent 
with p ■ 1 as required for 'Alfv^nlc fluctuations' (Burlaga and Turner, 1976), 
so we shall take p > 0.6 as an indication of Alfv^nic fluctuations. A 
similar definition was used by Belcher and Davis (J971), Belcher and 
Solodyna (I 975 ) , and Martin et al. (1973). 

The distribution of < 'B > for discontinuities that occurred 

z 

during hourly Intervals in which p > 0 . 6 , (i.e., for discontinuities among 

Alfvfcnic fluctuations) is shown in Figure 8 . More than half of the 

discontinuities that we chose between March 15 and April 9 occurred 

under this condition (109 among l^B) . The distribution of < 'B > for 

these discontinuities is very much like that for all of the events. In 

particular, the most probable value is zero, consistent with Hj's, and 

there were 88 ( 8 l%) with < |B 1 > < 2y . In other word 3 , our results are 

z 

consistent with TD's being predominate even in the presence of Alfv 6 nic 
fluctuations. 

Now let us consider a 24-hr. interval during which Alfv^nic 
fluctuations (p > 0.6) were present throughout the day, viz. April 6 , 

1971. At this time, the spacecraft was in a well-defined stream; the 
speed was high and dsorea sing, as shown in Figure 10. The speed and radial 




magnetic field profiles in Figure 10 are very much like those in 
Figure 1 of Belcher und Davis (1971) and in Figure 1 of Belcher and 
Solodyna (1975)* those authors interpreted the variations as Alfv^nic 
fluctuations. The Alfv6nic nature of the fluctuations in Figure 10 is 
indicated by the high correlation between V anu B x (p > 0.6) and by the 
relatively smaU. fluctuations in |b| and in the density, n. We selected 
U5 discontinuities on this day, and we found that tu > 30° for 37 of them. 

The panel on the lext of Figure 11 shows an example of a TD that was 
observed among the Alfv6nic fluctuations on April 6. The components are 

A 

shown in the minimum variance system: z is the minimum variance direction, 

A A A 

y is normal to z ’ . . in the plane containing the average field and z, and 

A O 

x completes th right-hand coordinate system. For this event, w = 9I.0 

and the ratio of the intermediate to minimum eigenvalue obtained using 

Sonnerup's method is V A, * 6.5, so the minimum variance plane was well 

determined. The average component of normal to this pluneis « 0.16>, 

so the discontinuity is clearly a TD. This boundary layer happens to be 

ratlier smooth. A less regular boundary layer, which occurred at 1450 on 

April 6, is 3hown on the right of Figure 11. In this case w = 97.6 , 

(\„A 3 ) x 17.1, indicating a well-defined minimum variance plane, and 

B * 0.587, wldch is consistent with zero. Thus, this too is apparently 
n 

a TD among Alfv6nic fluctuations. Table 1 summarizes the properties of 
12 boundary layers with < 17 that occurred on April 6 (note tnat B n < 0.5/ 
for half of these). They are all consistent with being TD's, and all occur 
in the presence of Alfv6nic fluctuations. Their relation to these 
fluctuations is shown by the vertical lines in Figure 10. 


10 



Examples of RD's on April 6, are rhown on Figure IP. For the event 

at 0357 UT, shown on the left of Figure 12, the change in angle was small 

(u> r 37°), but the minimum variance plane was well determined (X^/X ■ 10.6), 

The component of F normal to this plane was 4.47 in an average field of 57. 

The event of 0239 UT, shown on the right of Figure 12, was somewhat broader, 

the angular change was larger (is ■ 70.3 ) » and the minimum variance plane 

wac less well defined (X 0 /l . ■ 2.2), but again we find a large normal, 

B ■ 4.07 in a 57 field. Thus, there is little doubt that RD's can also 
n 

occur among Alfv6nic fluctuations. 

The general character of the discontinuities with u> > 30° on 

April 6, is summarized in Figure 13, which shows the distribution of 

B ■ < ]D | > for this day. There were 37 discontinuities, 1.5/hr. There 
n z 

is a peak in the B n distribution at B^ ■ 0, consistent with the presence of f 

TD's. For 16 events (4.3^), < 27 ; these events are probably TD's since 

the uncertainties are approximately 1 or 27. In addition, there i3 a 

second peak in the B distribution between 3.57 and 47. For 17 events 

n 

(46^), > 37, and these events are probably RD's. Thus, during this 

Alfv^nic period, the B^ distribution is atypical (compared to that in 
Figure 8), being bimodal with roughly equal numbers of TD's and RD'3. 

We conclude that: 1) TD's can coexist with Alfv6nic fluctuations, 

2) RD's are not necessarily predominant in the presence of Alfv6nic 
fluctuations, but 3)j RD's occur preferentially with AlfvAnic fluctuations 
in high-speed streams. The association of RD's with Alfv6nic fluctuations 
is r.ot surprising since RD'3 themselves satisfy the conditions for an 
Alfv6nic wave. 
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5. Thj^ckneaa. of "laminar Boundary Layero " 


Sestero (1964) and Lemaire and Burlaga (1976) developed a theory 
for the structure of "laminar" boundary layers, i.e., those in which the 
magnetic field varies smoothly in the current sheet. Their results 
predict that the thickness of 3uch a current sheet should be on the order 
of a few to several proton Larmor radii, depending on the details of the 
distribution function in the current sheet and on the conditions on both 
sides of the sheet. To compare this theory with observations, we 
selected the subset of boundary layers for which a) the magnetic field 
changed very smoothly in the layer, b) there was a well-defined beginning 
and end of the layer, and c) plasma data are available. 

The boundary layers are convected with the solar wind past the space- 
craft. Let tha interval during which a layer moves past the spacecraft 
be denoted by T. The thickness ( 5 ) of a boundary layer is related to T, 
the solar wind speed (V), and the radial component of the unit vector 
normal to the discontinuity surface (In^l) by the formula 

5 - V |n r | T. (2) 

In order to accurately determine n p using the minimum variance method, it 
is necessary to again restrict our attention to discontinuities with 
u> > 30°. 

The "thickness" distributions for TD's (defined by < 27 ) are shown 
in Figure 14. The most probable duration is 2.5 ± 0.5 sec, and the average 
is 4.7 sec. Seventy percent of the durations were less than 10 sec, and 
98 $ were less than 15 sec. The shortest duration was 0.6 3ec. The thick- 
ness ranged from 158 km to 8,000 km; in terms of proton gyroradii, R. , the 
thickness ranged from 1.5 Rj to 82 R^. The average thickness of the TD's 
was 1,300 km and 12 Rj . 
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The "thickness" distributions for RD's, (defined by B fi > 37) is 
shown in Figure 15. They are similar to the distributions for TD'3. 

The most probable duration for the RD's is 5 ± 1 3ec . The average is 
5.4 sec, and the range is from 1.1 sec to 14.7 sec. The average thick- 
ness is 1,200 km (13 P L ), and the range is from 250 km (2.2 R^) to 
2,500 km (43 K ). 
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6. Summary 

We have examined the nature and characteristics of discontinuities 
in the interplanetary magnetic field during the period March 18, 1971 to 
April 9, 1971. This period contained a variety of interplanetary con- 
ditions — simple and compound streams, shock flows, irregular speed 
variations, stream interfaces, shock fronts, and 'Alfv^nic fluctuations'. The 
discontinuities, which we identified visually in plots of l.£8 sec 
averages of the magnetic field data, occurred under all of these con- 
ditions. The rate ranged from 5/dfly to 45/day, with an average of 0.7/hr. 

This is a minimum rate, for we did not attempt to include all discontinuities 
presen'.. Discontinuities with a small change in the magnetic field direction 
were discarded, giving a rate of 0.5/hr for the discontinuities that were 
analyzed in detail. The total rate of discontinuities may be two or three 
times that which we observed, but our sample is probably representative of 
discontinuities with 10 > 30°; in any case, it is an order of magnitude 
larger than samples which have been used in the past to study the nature 
and internal structure of discontinuities. 

The Explorer 43 observations were quite accurate, and the sampling 
rates were such that typically 100 vector raeasirement3 were made in the 
boundary layer associated with a discontinuity. Thu3, we were able in 
most cases to apply Sonnerup's minimum variance method to determine the 
orientation of the surface associated with a discontinuity and the 
component of B normal to this surface (^ n ) • Our analysis was restricted 
to discontinuities across which the change in the direction of B wa3 

o 

greater than 30 , in order to eliminate events for which the orientation 

of the surface was not accurately determined. The distribution of B^ 

14 


is peaked at ■ 0 and the distribution near zero falls off as a 

gauasian with a variance of 1 7; we Interpret the events with < 27 as 

tangential discontinuities, 3ince 27 is consistent with zero within the 

errors. In addition, there is an extended tail up to B » 107 and a 

n 

possible peak between 3.57 and 47; we Interpret the events with > 37 
as rotational discontinuities. The ratio of TD's to RT'a obtained in this 
way for the period March 18, 1971 to April 9, 1971, is 2.8 to 1. 

We have examined the issue of whether or not TD's can occur in the 
presence of Alf/6nic fluctuations and the question of relative abundance 
of RD'3 and TD's in regions of high and decreasing speeds wliere Alfv^nic 
fluctuations are most pronounced. We found that TD's do indeed occur 
in such periods. In fact, we showed that during one interval lasting 
24 hour 3 TD's occurred at the rate of at least 0.5/hr. On the other 
hand, we also found that the B distribution was bimodal in this interval, 
with roughly equal numbers of TD's and RD's, suggesting that RD's pref- 
erentially occur in such intervals. 

The structure of the boundary layer wa3 clearly resolved in every 
case that we considered. Considering the subset of very regular boundary 
layers with well-defined beginning and end, we found that the average 
thickness of TD's was 13,000 km (IT R ), and the average thickness of RD's 
was 12,000 km (13 R^)* ^he Larmor radius was somewhat larger on average 
in the intervals containing TD's than in the intervals containing RD's. 
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Figure Captions 


Figure 1 


Figure 2 


Figure j 


Figure 4 


An example of a discontinuity. In this case, the direction 

of the magnetic field charged by 75°, somewhat larger than 

average (60°). This satisfies the definition for a 

directional discontinuity introduced by Burlaga (1969). 

Examples of other discontinuities that were selected. The 

events shown here do not satisfy the definition of a 

directional discontinuity, because the change in direction 

(<•») is small and/or the discontinuities are too close 

together. They were included in the initial selection because 

the changes appear to be nearly discontinuous. 

This is tl'e distribution of <u, the change in direction of 

the magnetic field across the discontinuities that were 

selected. For 31^ of the discontinuities, u> < 30°. The 

o o 2 

solid curve for id > 30 is N = N q exp (-ui/75 ) , which is 
the same function that Burlaga (1969) found for the 
vu-distribution of directional discontinuities in Pioneer 6 
data. 

Thi3 3hows 1) the flow configuration in the period that is 
considered in this paper, 2) the correlation (p) between 
speed and the radial component of the magnetic field, which 
indicates the presence of "Alfv6nic , fluctuations when it 
is large (> 0.6), and 3) the number of discontinuities per 
day as a function of time. The main point is that the 
discont_nuities that we selected are found under a wide 
variety of interplanetary conditions. 
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Figure t 


The transition between the two sides of a 'discontinuity' 
is actually a continuous one, and is called a boundary 
layer or current sheet. For a tangential discontinuity, 
the magnetic field vector rotates in the boundary layer 
from one state to another, always remaining parallel to 
the surface of the 'discontinuity', as shown here. For 
an RD , one component of B rotates as shown here, and in 

addition there is a component of B perpendicular to the 
surface of the 'discontinuity'. 

Figure 6 For an RD, the magnetic field rotates on the surlace of a 
cone as shown at the left, while for a TD it rotates in a 
plane as 3Hown on the right. The Sonnerup- Cahill method 
determines the plane which contains AB. = B. - < B.>. 

For an RD there is a non- zero component of B normal to 
this plane, while for a TD there is no component of B 
normal to thi3 plane. The determination of the plane con- 
taining AB. is uncertain when u; i3 small, because some of 
the AB. are too small to measure accurately in this case. 

Figure 7 The distribution of the ratio of the intermediate eigenvalue 

to the minimum eigenvalue (X ,) from the minimum variance 
analysis of the AB. . This quantity must be large if one is 
to accurately determine the minimum variance plane of AB.. 

One sees that it is large for most of the discontinuities 
with u) > 30°. 



18 



Figure 6 


Figure _■ 


Figure 10 


Figure 11 


This shows the distribution of < |B_| >, the component of 

B normal to the minimum variance plane of A£.. Only 

o 

discontinuities with uu > 30 are considered, so that the 

minimum variance plane is well determined. The peak is 

at < |B | > ■ 0 and there is a population of events with 
z 

< IbJ >< 2 y, consistent with TD's. There is another 
z 

population with < |b„ » 37 consistent with RD's. The 
ratio of TD's to RD's obtained in this way is 2.8 to 1. One 
obtains essentially the same distribution when only 'AlfvAnic ' 
(p > 0.6) periods are considered. 

The distribution of the normals to the surfaces of TD’s 
and RD's. Both tend to be above the ecliptic plane. The 
TD-normals tend to be normal to the spiral field; whereas, 
the RD- normals are more isotropically distributed. 

An Aifvfenic period. The fluctuations in V and B^ are 
highly correlated (the correlation coefficient p being 
greater than 0.6 throughout the day), <»nd the density and 
magnetic field intensity are relatively constant, indicating 
Alfv^nic fluctuations. Fourty- five discontinuities were 
observed during this day, as shown by the vertical lines 
in the top panel. Several of these were tangential dis- 
continuities, as indicated by the vertical lines extending 
through all of the panels. 

The structure of two TD's. In both cases, the magnetic 
field intensity is nearly constant, and the field vector 
rotates in a plane. The component normal to this plane 
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FI Kurc 12 


Figure lj 


Figure 14 
Figure 15 


(B ) is consistent with zero in both cases, indicating 
z 

that the discontinuities are tangential. 

The structure of two HD's. The magnetic field intensity 

is constant and the magnetic field rotates on a cone. The 

component £ normal to the base of the cone is large in both 

cases, indicating that the discontinuities are rotational. 

The distribution of < !b | > for the discontinuities on 

z 

April 6. It is bimodal and suggests equal numbers of TD's 
and HD’s. 

"niickness' distributions for ID's. 

'Thickness' distributions for FD's. 
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TABLE I 



TD'fl on April 6, 

1971 


Tine 

< B > 

z - 

uP 

^2 A 3 

o4o8 

- 0.19 

30.4 

2.0 

0525 

- 0.78 

53.4 

13.5 

1004 

0.32 

78.9 

4.3 

1450 

0.54 

97.6 

17.1 

1621 

0.16 

91.8 

6.5 

1638 

0.25 

167.7 

3.6 

1714 

0.34 

35.3 

7.8 

1716 

0.21 

61.9 

8.6 

1027 

0.62 

30.0 

1.9 

1838 

0.65 

81.9 

7.5 

2022 

0.85 

106 .0 

6.4 

2347 

0.52 

78.4 

3.4 
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